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(57) ABSTRACT

A neck crystallization method includes inserting a core into
the neck, heating the neck using a heater group disposed
along a transfer direction while rotating the preform on its
axis, and transferring the preform along the transfer direction
in a state in which the core is inserted into the neck, and
cooling the neck of the preform in a state in which the core is
inserted into the neck. The heating of the neck includes a first
step that drives first heaters positioned on the upstream side in
the transfer direction at a first power, and a second step that
drives second heaters positioned on the downstream side of
the first heaters at a second power that is lower than the first
power until the temperature of the neck reaches a crystalliza-
tion temperature zone.

10 Claims, 7 Drawing Sheets
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1
PREFORM NECK CRYSTALLIZATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/JP2011/061712, having an interna-
tional filing date of May 23, 2011, which designated the
United States and which claims priority from Japanese Patent
Application No. 2010-122898 filed on May 28, 2010, the
entirety of both of which are incorporated herein by refer-
ence.

BACKGROUND

1. Field of the Invention

The present invention relates to a preform neck crystalli-
zation method and the like.

2. Description of the Related Art

A wide-neck (wide-mouth) container has a structure in
which the ratio of the outer diameter of the neck to the outer
diameter of the body is larger than that of a narrow-neck
(narrow-mouth) container (e.g., polyethylene terephthalate
(PET) bottle) that is widely used as a beverage container. For
example, a container having a neck outer diameter of 45 mm
or more is generally referred to as “wide-neck container”.
Since the wide-neck container allows easy removal of the
contents, the wide-neck container has been used as a solid
(e.g., jam) container in addition to a liquid container.

The wide-neck container normally employs a top-side seal
structure (i.e., the top side of the neck is sealed using a cap).
Therefore, deformation of the top side of the neck must be as
small as possible in order to improve the seal-tightness.

In particular, when the wide-neck container is subjected to
a high-temperature filling operation, it is necessary to crys-
tallize the neck (i.e., increase the density of the neck) so that
the neck exhibits heat resistance. When crystallizing the neck,
the volume of the neck decreases along with an increase in
density, so that deformation of the neck easily occurs. It is
necessary to prevent a situation in which such deformation
adversely affects the top side of the neck.

Japanese Utility Model Registration No. 3064403 and
JP-A-2006-297775 disclose a neck crystallization method
that heats the neck from the inner side and the outer side, and
JP-A-11-152122, JP-A-2004-26201, and JP-A-2004-131175
disclose deformation of the neck of a narrow-neck container.

In Japanese Utility Model Registration No. 3064403 and
JP-A-2006-297775, a core is inserted into the neck of a nar-
row-neck preform to heat the neck of the narrow-neck pre-
form from the inner side and the outer side. In Japanese Utility
Model Registration No. 3064403, a second heat source (22)
that heats a thermal conductor (21) that is part of a core that
extends outward from the neck is provided in addition to a
first heat source (12) that heats the neck from the outer side,
and heat from the second heat source (22) is transmitted to the
core to heat the neck from the inner side (see FIG. 7). In
JP-A-2006-297775, the second heat source (22) disclosed in
Japanese Utility Model Registration No. 3064403 is omitted,
and the thermal conductor (21) disclosed in Japanese Utility
Model Registration No. 3064403 is replaced with a fin (12a)
to heat the neck from the outer side. Heat retained by the
internal heating core is dissipated through the fin (12a) to
achieve the balance between internal heating and external
heating (see FIG. 4).

However, when using the method that supplies heat to the
core (Japanese Utility Model Registration No. 3064403) or
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the method that promotes dissipation of heat from the core
(JP-A-2006-297775), the neck crystallization temperature
predominantly depends on the temperature of the heat source
provided outside the neck (i.e., internal heating using the core
is subsidiary). Japanese Utility Model Registration No.
3064403 focuses on the temperature gradient between the
inner wall and the outer wall of the neck (see FIGS. 5 and 6),
and JP-A-2006-297775 maintains the temperature between
the inner wall and the outer wall of the neck constant by
combining rapid external heating and heat dissipation using
the fin (see paragraph 0058). However, Japanese Utility
Model Registration No. 3064403 and JP-A-2006-297775 are
silent about a change in temperature with time from room
temperature to the crystallization temperature.

SUMMARY

The invention may provide a neck crystallization method
that can reduce the crystallization time, and control the tem-
perature of the neck at an optimum crystallization tempera-
ture (i.e., a temperature at which the neck is not overheated)
while heating the inner side and the outer side of the neck.

According to one aspect of the invention, there is provided
apreform neck crystallization method that crystallizes a neck
of'a preform that includes the neck, a body, and a bottom, the
method comprising:

inserting a core into the neck;

heating the neck using a heater group disposed along a
transfer direction while rotating the preform on its axis, and
transferring the preform along the transfer direction in a state
in which the core is inserted into the neck; and

cooling the neck of the preform in a state in which the core
is inserted into the neck,

the heating of the neck including:

a first step that drives first heaters within the heater group at
afirst power, the first heaters being positioned on an upstream
side in the transfer direction; and

a second step that drives second heaters within the heater
group at a second power that is lower than the first power until
a temperature of the neck reaches a crystallization tempera-
ture zone, the second heaters being positioned on a down-
stream side of the first heaters.

According to one aspect of the invention, the crystalliza-
tion time can be reduced while preventing a situation in which
the neck is overheated to a temperature that exceeds the
crystallization temperature zone by combining the rapid-
heating first step and the slow-heating second step. When
using only the first step, the crystallization time can be
reduced, but the neck is overheated in the second half of the
heating step. When using only the second step, the crystalli-
zation time can be controlled, but increases. Since the neck of
the preform is at room temperature immediately after the
preform has been supplied, the crystallization time can be
reduced by rapidly heating the neck by the first step up to a
temperature lower than the crystallization temperature zone.

The preform neck crystallization method may further com-
prise:

transferring the preform without heating between the first
step and the second step.

The temperature of the neck of the preform decreases by
transferring the preform without heating between the first
step and the second step. Therefore, the effect of rapid heating
in the first step can be suppressed (reduced) when starting the
second step. This makes it possible to cause the temperature
of the neck of the preform to rise less steeply as compared
with the first step immediately after starting the second step.
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The preform neck crystallization method may further com-
prise:

athird step that drives third heaters within the heater group
at a third power that is lower than the second power to main-
tain the temperature of the neck within the crystallization
temperature zone, the third heaters being positioned on a
downstream side of the second heaters.

It is possible to easily maintain the temperature of the neck
within the crystallization temperature zone by further reduc-
ing the heater power after the temperature of the neck has
reached the crystallization temperature zone. This makes it
possible to prevent a situation in which the neck is over-
heated.

In the preform neck crystallization method,

the third step may include reducing the third power that
drives the third heaters on a downstream side in the transfer
direction compared to an upstream side in the transfer direc-
tion.

It is possible to maintain the temperature of the neck within
the crystallization temperature zone by thus reducing the
power on the downstream side to maintain or decrease the
temperature increase rate.

The preform neck crystallization method may further com-
prise:

preheating the core before inserting the core into the neck.

This makes it possible to allow the temperature of the core
to be substantially equal to the outer surface temperature of
the neck (i.e., sufficiently reduce the difference in tempera-
ture between the inner side and the outer side of the neck)
when staring the second step. The above configuration also
has an advantage in that the time of the first step can be
reduced.

According to another aspect of the invention, there is pro-
vided a wide-neck container that is made of a synthetic resin,
and includes a neck, a body, and a bottom, the wide-neck
container being configured so that a top side of the neck is
sealed by a cap that is fitted to the neck,

the neck including:

a neck tubular section;

an engagement section that is formed to protrude outward
from the neck tubular section, and engages the cap; and

a flange that is formed to protrude outward from the neck
tubular section at the top side, a protrusion height of the flange
from the neck tubular section being smaller than that of the
engagement section,

the top side of the neck including a first top side formed by
the neck tubular section, and a second top side formed by the
flange that is the same height level with the first top side and
increases an area of the top side of the neck,

athickness of the flange being smaller than that of the neck
tubular section, and

the neck having been crystallized.

According to this aspect of the invention, the seal area can
be increased by the top side having an increased area, and the
resin density of the top side of the flange can be increased due
to the resin pressure in the resin flow direction during injec-
tion molding. Therefore, deformation of the top side during
crystallization is reduced, so that the seal-tightness with the
cap can be improved. The flange may also be used as a
member that engages a chuck that transfers the preform, and
prevents displacement of the preform in the axial direction.

In the wide-neck container, the flange may have an oppo-
site side that is opposite to the second top side, and the second
top side may have a higher resin density than that of the
opposite side.
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Deformation of the top side of the flange used for sealing
can be suppressed by thus allowing the opposite side having
a low resin density to be deformed when crystallizing the
neck.

According to another aspect of the invention, there is pro-
vided a wide-neck container that is made of a synthetic resin,
and includes a neck, a body, and a bottom, the wide-neck
container being configured so that a top side of the neck is
sealed by a cap that is fitted to the neck,

the neck including:

a neck tubular section;

an engagement section that is formed to protrude outward
from the neck tubular section, and engages the cap; and

a ring-shaped recess that is formed in the neck tubular
section at a height position closer to the body than the engage-
ment section.

According to this aspect of the invention, since the ring-
shaped recess is formed to be depressed in the neck tubular
section, the amount of resin used to form the preform can be
reduced. Since the amount of shrinkage of the neck during
crystallization can be reduced by reducing the volume of the
neck, deformation of the top side of the neck can be sup-
pressed, so that the top-side seal-tightness can be improved.
The ring-shaped recess may also be used as a member that
engages a chuck that transfers the preform, and prevents
displacement of the preform in the axial direction.

In the wide-neck container according to each aspect, the
engagement section may include N (N is an integer equal to or
larger than 2) threads, and the N threads may be respectively
provided in N segmented areas into which the neck tubular
section is divided in a circumferential direction, and may be
respectively formed in the N segmented areas within a range
of less than 360°/N.

According to the above configuration, since each engage-
ment section is provided in one row (i.e., two or more engage-
ment sections are not arranged in the axial direction) around
the neck tubular section, the volume of the engagement sec-
tion that protrudes from the neck tubular section is reduced.
Since the amount of shrinkage of the neck during crystalliza-
tion can be reduced by reducing the volume of the neck,
deformation of the top side of the neck can be suppressed, so
that the top-side seal-tightness can be improved.

In the wide-neck container according to each aspect, each
of the N threads may extend from a start point that is posi-
tioned at a first height in an axial direction of the neck tubular
section to an end point that is positioned at a second height in
the axial direction of the neck tubular section so that each of
the N threads slopes upward toward the top side of the neck.

According to the above configuration, since the N threads
are not connected spirally, but have the start point having an
identical height and the end point having an identical height in
the respective N segmented areas, the height of the neck
tubular section can be reduced (i.e., the volume of the neck
tubular section can be reduced). Since the amount of shrink-
age of the neck during crystallization can also be reduced,
deformation of the top side of the neck can be suppressed, so
that the top-side seal-tightness can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view illustrating a wide-neck container
according to a first embodiment of the invention.

FIG. 2 is a cross-sectional view illustrating a cap that is
fitted to the neck of the wide-neck container illustrated in
FIG. 1.
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FIG. 3 is a cross-sectional view illustrating the neck of the
wide-neck container illustrated in FIG. 1, and an example of
a chuck that supports the neck.

FIG. 4 is a cross-sectional view illustrating the neck of the
wide-neck container illustrated in FIG. 1, and another
example of a chuck that supports the neck.

FIG. 51s a cross-sectional view illustrating a preform injec-
tion molding step employed for the wide-neck container illus-
trated in FIG. 1.

FIG. 6 is a front view illustrating a wide-neck container
according to a second embodiment of the invention.

FIG. 7 is a cross-sectional view illustrating the neck of the
wide-neck container illustrated in FIG. 6.

FIG. 8 is an end view illustrating threads of the wide-neck
containers illustrated in FIGS. 1 and 6.

FIGS. 9A to 9D are views illustrating the main steps of a
neck crystallization method.

FIG. 10 is a characteristic diagram illustrating a change in
surface temperature of a neck and a change in temperature of
a core within one cycle.

FIG. 11 is a plan view schematically illustrating a neck
crystallization system.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the invention are described in
detail below. Note that the following exemplary embodiments
do not in any way limit the scope of the invention defined by
the claims laid out herein. Note that all of the elements
described in connection with the following exemplary
embodiments should not necessarily be taken as essential
elements of the invention.

1. First Embodiment

FIG. 1 is a front view illustrating a wide-neck container
according to a first embodiment of the invention, FIG. 2 is a
cross-sectional view illustrating a cap that is fitted to the neck
of the wide-neck container illustrated in FIG. 1, and FIGS. 3
and 4 are cross-sectional views illustrating the neck of the
wide-neck container and a chuck that supports the neck. As
illustrated in FIG. 1, a wide-neck container 10A made of a
synthetic resin (e.g., polyethylene terephthalate) includes a
neck 20A, a body 30, and a bottom 40. A top side 21A ofthe
neck 20A is sealed by a cap 90 (see FIG. 2) that is fitted to the
neck 20A.

A twist-off cap or a lug cap may be used as the cap 90 that
is fitted to the neck 20A of the wide-neck container 10A, for
example. The cap 90 is formed to have a bottomed tubular
shape (see FIG. 2), and may include a plurality of (e.g., four)
lugs 92 that protrude from an inner circumferential surface 91
of the tubular cap 90, and a seal section 93 that is positioned
atthe bottom of the cap 90. The seal section 93 may be formed
to have a small thickness (see FIG. 2) so that the seal section
93 exhibits elasticity, or may be formed by bonding an elastic
seal material.

The neck 20A includes a neck tubular section 22, and a
plurality of engagement sections 23 that are formed to pro-
trude outward from the neck tubular section 22, and respec-
tively engage the plurality of lugs 92 of the cap 90. Each
engagement section 23 may be formed by a thread, for
example. The neck 20A also includes a flange 24 that is
formed to protrude outward from the neck tubular section 22
atthe top side 21A, the protrusion height of the flange 24 from
the neck tubular section 22 being smaller than that of each
engagement section 23. The neck 20A may further include a
support ring (also referred to as “neck ring”) 25. Note that the
support ring 25 is not an essential element (described later).
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The top side 21 A of the neck 20A includes a first top side
22A ofthe neck tubular section 22, and a second top side 24A
of'the flange 24 that is the same height level with the first top
side 22 A and increases the area of the top side 21A. Note that
the side (lower side) of the flange 24 opposite to the second
top side 24A is referred to as an opposite side 24B. The
thickness T2 of the flange 24 (i.e., the distance between the
second top side 24A and the opposite side 24B) is smaller
than the thickness T1 of the neck tubular section 22 (T1>T2).
Note that the neck 20A has been crystallized (whitened). An
example of the crystallization method is described later.

Since the neck 20A of the wide-neck container 10A does
not require a locking ring (also referred to as “bead ring”) that
is required for a narrow-neck container, the total height of the
neck 20A from the top side 21A to the lower side of the
support ring 25 can be reduced to 15 mm or less, for example.
This makes it possible to reduce the amount of resin used to
produce a preform that is blow-molded into the container
10A. Since the amount of shrinkage of the neck 20A during
crystallization (whitening) can be reduced by reducing the
volume of the neck 20A, deformation of the top side 21A of
the neck 20A can be suppressed. When a locking ring is
provided to protrude from the neck tubular section 22, the
locking ring easily shrinks during crystallization (whitening),
and may cause deformation of the top side 21A. According to
the first embodiment, it is possible to eliminate such an
adverse effect of the locking ring.

Since the neck 20A of the wide-neck container 10A
includes the flange 24 at the top side 21A, the top-side seal-
tightness is improved. The top-side seal-tightness depends on
the flatness and the area of the top side. According to the first
embodiment, both the flatness and the area of the top side are
improved (or increased) for the following reasons.

Specifically, the top side 21A includes the first top side 22A
of'the neck tubular section 22, and the second top side 24 A of
the flange 24 that is the same height level with the first top side
22A and increases the area of the top side 21A. Therefore,
when the cap 90 illustrated in FIG. 2 is fitted to the neck 20A,
the seal area is increased due to the top side 21A that is
enlarged by the second top side 24 A, so thatthe seal-tightness
with the seal section 93 of the cap 90 can be improved. This is
the first reason why the top-side seal-tightness is improved.

The flange 24 increases the density of the resin that forms
the top side 21A, and reduces deformation of the top side
21A. FIG. 5 illustrates a process that injection-molds the neck
20A by injecting a resin into a cavity formed between an
injection core mold 50 and a neck cavity mold 51. The resin
is injected at a given resin pressure from the bottom side of a
preform for blow-molding the container 10A along a resin
flow direction A indicated by an arrow A. In this case, while
a resin pressure B is applied directly to the molding surface
for the wide top side 21A along the resin flow direction A, a
resin pressure C is applied to the molding surface for the
narrow opposite side 24B in the direction opposite to the resin
flow direction A. Therefore, the resin pressure C is lower than
the resin pressure B.

Since the top side 21 A comes in contact with the injection
core mold 50 over a wide area, the top side 21 A is cooled with
high cooling efficiency. In contrast, since the opposite side
24B is narrow, and is cooled in a state in which the opposite
side 24B comes in contact with the protrusion of the neck
cavity mold 51, the opposite side 24B is cooled with low
cooling efficiency.

Accordingly, the second top side 24 A (top side 21A) has a
higher resin density than that of the opposite side 24B. The
resin density further increases as a result of crystallizing the
neck 20A. The second top side 24A (top side 21A) still has a
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higher resin density than that of the opposite side 24B after
crystallizing the neck 20A. The top side 21A rarely shrinks,
and exhibits improved flatness due to an increase in resin
density. If the resin density is low in an amorphous state
before crystallization, a large amount of shrinkage occurs
during the heat treatment. According to the first embodiment,
shrinkage (deformation) of the second top side 24 A (top side
21A) is reliably suppressed while allowing the opposite side
24B to shrink (deform) to some extent. This is the second
reason why the top-side seal-tightness is improved.

The flange 24 also serves as a member that prevents dis-
placement of a chuck member 60A or 60B (see FIG. 3 or4) in
the axial direction. The wide-neck container 10A or the pre-
form is supported in an upright state (i.e., a state in which the
neck 20A faces upward) by supporting the lower side of the
support ring 25 when transferring the wide-neck container
10A or the preform without using the neck cavity mold, and is
otherwise supported using the chuck member 60A illustrated
in FIG. 3 or the chuck member 60B illustrated in FIG. 4. The
chuck member 60 holds the engagement sections (threads) 23
from either side. The chuck member 60 may include a pro-
trusion 61 that enters the space between the engagement
section (thread) 23 and the flange 24 in order to prevent
displacement of the container 10A in the axial direction.
According to the example illustrated in FIG. 3, the support
ring 25 can be made unnecessary by transferring the container
10A in an upright state while supporting the flange 24 instead
of'the support ring 25, or transferring the container 10A in an
inverted state. The chuck member 60B illustrated in FIG. 4
may include a protrusion 62 that comes in contact with the
flange 24, and a protrusion 63 that comes in contact with the
support ring 25 in order to prevent displacement of the con-
tainer 10A in the axial direction.

2. Second Embodiment

FIG. 6 is a front view illustrating a wide-neck container
according to a second embodiment of the invention, and FIG.
7 is a cross-sectional view illustrating the neck of the wide-
neck container illustrated in FIG. 6. As illustrated in FIG. 6, a
wide-neck container 10B made of a synthetic resin includes a
neck 20B, a body 30, and a bottom 40. A top side 21B of the
neck 20B is sealed by the cap 90 (see FIG. 2) that is fitted to
the neck 20B. The neck 20B includes the neck tubular section
22, the engagement sections (threads) 23, and the support ring
25 in the same manner as in the first embodiment, but does not
include the flange 24. Note that the neck 20B may also
include the flange 24. The neck 20B includes a ring-shaped
recess 6 that is formed in the neck tubular section 22 at a
height position closer to the body 30 than the engagement
sections 23. Note that the support ring 25 is not an essential
element in the same manner as in the first embodiment.

The neck 20B of the wide-neck container 10B does not
require a locking ring that is required for a narrow-neck
container, and includes the ring-shaped recess 26 that can be
reduced in vertical dimension as compared with (the height
of) a locking ring. This makes it possible to reduce the total
height of the neck 20B from the top side 21B to the lower side
of'the support ring 25, and reduce the amount of resin used to
form a preform for blow-molding the container 10B. Since
the amount of shrinkage of the neck 20B during crystalliza-
tion (whitening) can be reduced by reducing the volume of the
neck 20B, deformation of the top side 21B of the neck 20B
can be suppressed. When a locking ring is provided to pro-
trude from the neck tubular section 22, the locking ring easily
shrinks during crystallization (whitening), and may cause
deformation of the top side 21B. According to the second
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embodiment, since the ring-shaped recess 26 is formed in the
neck tubular section 22, it is possible to suppress such an
adverse effect of shrinkage.

The ring-shaped recess 26 also serves as an engagement
section that engages a chuck member 70 (see FIG. 4). The
wide-neck container 10B or the preform is supported in an
upright state (i.e., a state in which the neck 20B faces upward)
by supporting the lower side of the support ring 25 when
transferring the wide-neck container 10B or the preform
without using the neck cavity mold, and is otherwise sup-
ported using the chuck member 70. The chuck member 70
holds the engagement sections (threads) 23 from either side.
The chuck member 70 may include a protrusion 71 that enters
the ring-shaped recess 26 in order to prevent displacement of
the container 10B in the axial direction. The support ring 25
can be made unnecessary by transferring the container 10B in
an inverted state instead of transferring the container 10B in
an upright state.

3. Thread Shape that Suppresses Deformation of Top Side of
Neck

FIG. 8 is an end view (from the top side 21A or 21B)
illustrating the engagement sections (threads) 23 of the con-
tainer 10A or 10B illustrated in FIG. 1 or 6. Note that the
flange 24 (see FIG. 1) is omitted in FIG. 8.

In the first embodiment and the second embodiment, the
engagement sections 23 include N (N is an integer equal to or
larger than 2 (preferably 4<N<6) (N=4 in the first embodi-
ment and the second embodiment) threads 23 A to 23D (three
threads are illustrated in FIGS. 1 and 6) (see FIGS. 1, 6, and
8). The N (=4) threads 23 A to 23D are respectively provided
in N segmented areas into which the neck tubular section 22
is divided in the circumferential direction (61=90°), the
threads 23A to 23D being respectively formed in the N seg-
mented areas within an angle 62 of less than 360°/N. When
N=4, the threads 23 A to 23D are respectively formed within
anangular range of less than 90° (62<90°). Each ofthe N (=4)
threads 23A to 23D extends from a start point 23-1 that is
positioned at a first height H1 in the axial direction of the neck
tubular section 22 to an end point 23-2 that is positioned at a
second height H2 in the axial direction of the neck tubular
section 22 (i.e., each of the N (=4) threads 23A to 23D slopes
upward toward the top side 21A (21B) of the neck 20A
(20B)).

When fitting the cap 90 illustrated in FIG. 2 to the neck 20A
(20B) that includes the multiple threads 23 A to 23D, the four
Iugs 92 of the cap 90 are fitted to the multiple (four to six)
threads 23A to 23D. For example, the wide-neck container
10A (10B) can be opened or closed by turning the cap 90 by
Vath to Ysth of a turn.

Since the engagement sections (threads) 23 of the con-
tainer 10A or 10B (see FIG. 1 or 6) are formed to protrude
from the neck tubular section 22, shrinkage of the engage-
ment sections (threads) 23 adversely affects the top side 21A
(21B) during heat treatment for crystallization as the volume
of the engagement sections (threads) 23 increases.

In the first embodiment and the second embodiment, the
engagement sections (threads) 23 are formed so that the four
threads 23 A to 23D are respectively provided in the N seg-
mented areas into which the neck tubular section 22 is divided
in the circumferential direction (61=90°). Therefore, the vol-
ume of the engagement sections (threads) 23 is sufficiently
small as compared with the case where two or more threads
are arranged in the axial direction of the neck tubular section
22, so that deformation of the top side 21A (21B) can be
suppressed.

In the first embodiment and the second embodiment, the
engagement sections (threads) 23 are formed so that the four
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threads 23 A to 23D are respectively formed within an angular
range of less than 90° (62<90°). Specifically, a clearance is
necessarily formed between adjacent threads among the four
threads 23 A to 23D that are not continuously formed in the
circumferential direction. This makes it possible to further
reduce the volume of the engagement sections (threads) 23,
and suppress deformation of the top side 21A (21B).

The engagement sections (threads) 23 have the following
advantageous effect on the wide-neck container 10B accord-
ing to the second embodiment. As illustrated in FIG. 7, the
protrusion 71 of the chuck member 70 is fitted into the ring-
shaped recess 26 of the neck 20B, and prevents a situation in
which the neck 20B held by the chuck member 70 falls.

The depth of the ring-shaped recess 26 is limited to an
upper-limit value taking account of the thickness of the neck
tubular section 22. If the depth of the ring-shaped recess 26
exceeds the upper-limit value, the flow of a resin that forms
the neck tubular section 22 may be hindered in an area of the
ring-shaped recess 26 when injection-molding a preform, so
that a short shot or the like may occur. The thickness of the
neck tubular section 22 is also limited from the viewpoint of
reducing the amount of resin. For example, when the thick-
ness of the neck tubular section 22 is set to 1.5 mm, the
upper-limit value of the depth of the ring-shaped recess 26 is
0.5 mm. As a result, the chuck member 70 illustrated in FIG.
7 may be removed from the ring-shaped recess 26 due to the
weight of the preform, for example.

According to the first embodiment and the second embodi-
ment, each of the N (=4) threads 23 A to 23D extends from the
start point 23-1 that is positioned at the first height H1 in the
axial direction of the neck tubular section 22 to the end point
23-2 that is positioned at the second height H2 in the axial
direction of the neck tubular section 22 (i.e., each of the N
(=4) threads 23A to 23D slopes upward toward the top side
21A (21B) of the neck 20A (20B)). More specifically, the four
threads 23A to 23D respectively include the start point 23-1
that is positioned at the first height H1 directly above the
ring-shaped recess 26 at different positions in the circumfer-
ential direction of the neck tubular section 22.

Therefore, even if the chuck member 70 illustrated in FIG.
7 has been removed from the ring-shaped recess 26, the four
start points 23-1 that protrude at the first height position H1 at
four points in the circumferential direction of the neck tubular
section 22 are caught by the protrusion 71 of the chuck mem-
ber 70. This makes it possible to prevent a situation in which
the neck 20B falls off from the chuck member 70. Each start
point 23-1 thus functions as a stopper.

4. Neck Crystallization Method

A neck crystallization method that may be applied to the
wide-neck container 10A (10B) according to the first embodi-
ment or the second embodiment, and may also be applied to
another wide-neck container or a narrow-neck container, is
described below. FIGS. 9A to 9D are views illustrating the
main steps of the neck crystallization method, and FIG. 10 is
a characteristic diagram illustrating a change in surface tem-
perature of the neck and a change in temperature of the core
within one cycle.

A preform 100 (e.g., wide-neck container preform) that has
been injection-molded is transferred to a neck crystallization
system (see FIG. 9A). Note that the neck crystallization sys-
tem may be used to crystallize the neck of a blow-molded
container instead of crystallizing the neck of a preform. In this
case, however, it is necessary to use a larger system in order to
transfer a container that is larger than a preform.

The preform 100 includes a neck 101, a body 102, and a
bottom 103. The neck 101 of the preform 100 that is not
blow-molded may have the structure of the neck 20A illus-
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trated in FIG. 1, the structure of the neck 20B illustrated in
FIG. 6, or another neck structure.

FIG. 9A illustrates a step that inserts a core 110 into the
neck 101 of the preform 100. The preform 100 is transferred
while being placed on a tubular body 120 in an inverted state
before the core 110 is inserted into the neck 101 of the pre-
form 100. The core 110 is secured on an elevating rod 130,
and a pad 132 is secured on the upper end of the elevating rod
130. FIG. 9A illustrates a state in which the core 110 is
disposed inside the neck 101 of the preform 100, and the
preform 100 is slightly moved upward by the pad 132, and is
separated from the tubular body 120 by moving the elevating
rod 130 upward.

The core 110 is formed by disposing an outer layer 114 that
is formed of a material having either or both of an infrared
absorption function and an infrared reflection function on the
circumferential surface of an insulator 112. The outer layer
114 is formed of a metal, for example. In one embodiment of
the invention, the outer layer 114 is formed of aluminum (Al).
The core 110 does not have a heat source, and heats the neck
101 from the inner side by reflecting infrared radiation from
aheater (e.g., infrared heater 140) (described later), or utiliz-
ing heat retained by the core 110. The difference in tempera-
ture between the inner side and the outer side of the neck 101
can be reduced while reducing the crystallization time by
combining internal heating using the core 110 and external
heating using the infrared heater 140. Moreover, since the
core 110 that is transferred together with the preform 100
need nothave aheat source, it is unnecessary to use a complex
system.

The core 110 may include a heat shield plate 116 that is
provided on the upper side of the core 110 and blocks (e.g.,
reflects) heat. A situation in which heat is transmitted to the
body 102 can be prevented by providing the heat shield plate
116.

FIG. 9B illustrates a heating step. In FIG. 9B, the neck 101
is heated using the infrared heater 140 while rotating the
preform 100 on its axis, and transferring the preform 100
along the transfer direction in a state in which the core 110 is
inserted into the neck 101. A plurality of infrared heaters 140
(hereinafter referred to as “infrared heater group 200”) are
provided along preform transfer directions Al and A2 illus-
trated in FIG. 11. FIG. 9B illustrates a state in which the
infrared heaters 140 are disposed opposite to each other on
either side of the transfer path, and uniformly heat the neck
101 of the rotating preform 100 from the outside. In the
heating step, the body 102 of the preform 100 may be shielded
from heat from the infrared heater 130 by disposing a heat
shield tubular body 150 around the body 102 (see FIG. 9B).

FIG. 9C illustrates a step that cools the neck 101 of the
preform 100 in a state in which the core 110 is inserted into the
neck 101. The cooling step may be implemented by air cool-
ing while rotating the preform 100, or may be implemented
by forced cooling using a refrigerant. The core 110 prevents
(restricts) shrinkage (deformation) of the neck 101 during the
cooling step.

FIG. 9D illustrates a step that removes the core 110 from
the neck 101 of the preform 100. The preform 100, of which
the neck has been crystallized, is removed from the tubular
body 120 to complete one cycle of the neck crystallization
method.

The heating step is described below with reference to
FIGS. 10 and 11. FIG. 11 is a plan view schematically illus-
trating the transfer path of the preform 100 and the infrared
heater group 200. The preform is supplied at a position P1,
continuously or intermittently transferred and heated along
the transfer directions A1l and A2, and cooled in a cooling
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zone 220. The preform 100, of which the neck has been
crystallized, is removed at a position P2.

The heating step includes a first step that drives first infra-
red heaters 200-1 within the infrared heater group 200 illus-
trated in FIG. 11 at a first power, the first infrared heaters
200-1 being positioned on the upstream side in the transfer
direction. In the first step illustrated in FIG. 10, the first power
that drives the first infrared heaters 200-1 is set to 70% of full
power, for example. The surface temperature TS of the neck
101 of the preform 100 (see FIG. 10) increases relatively
steeply per unit time.

The heating step may further include a second step that
drives second infrared heaters 200-2 within the infrared
heater group 200 illustrated in FIG. 11 that are positioned on
the downstream side of the first infrared heaters 200-1 at a
second power that is lower than the first power, and heats the
neck 101 using the second infrared heaters 200-2 and the core
110 until the temperature of the neck 101 reaches a crystalli-
zation (whitening) temperature zone (e.g., 170 to 190° C.). In
the second step illustrated in FIG. 10, the second power that
drives the second infrared heaters 200-2 is set to 60% of full
power, for example. The surface temperature TS of the neck
101 of the preform 100 (see F1G. 10) increases less steeply per
unit time as compared with the first step.

The rapid-heating first step and the slow-heating second
step are combined in order to reduce the crystallization time
while preventing a situation in which the neck 101 is over-
heated. When using only the first step, the crystallization time
can be reduced, but the neck 101 is overheated in the second
half of the heating step. When using only the second step, the
crystallization temperature can be controlled, but the crystal-
lization time increases. Since the neck 101 of the preform 100
is at room temperature immediately after the preform 100 has
been supplied, the crystallization time can be reduced by
rapidly heating the neck 101 by the first step up to a tempera-
ture lower than the crystallization temperature zone.

As illustrated in FIG. 10, a step that transfers the preform
without heating may be provided between the first step and
the second step. In FIG. 11, a non-heating zone 210 in which
heaters are not provided, or heaters that are not driven are
disposed, is provided between the first heaters 200-1 and the
second heaters 200-2. The surface temperature TS of the neck
101 of the preform 100 decreases due to the non-heating zone
210 (see FIG. 10). Therefore, the effect of rapid heating in the
first step can be suppressed (reduced) when starting the sec-
ond step. This makes it possible to cause the surface tempera-
ture TS of the neck 101 of the preform 100 to increase less
steeply as compared with the first step when starting the
second step.

The heating step may further include a third step that drives
third infrared heaters 200-3 and 200-4 within the infrared
heater group 200 illustrated in FIG. 11 that are positioned on
the downstream side of the second infrared heaters 200-2 ata
third power that is lower than the second power, and heats the
neck 101 using the infrared heaters 200-3 and 200-4 and the
core 110 while maintaining the temperature of the neck 101
within the crystallization (whitening) temperature zone. In
the third step illustrated in FIG. 10, the third power that drives
the third infrared heaters 200-3 and 200-4 is set to 50 to 55%
of full power, for example. It is possible to easily maintain the
temperature of the neck 101 within the crystallization tem-
perature zone by further reducing the heater power after the
temperature of the neck 101 has reached the crystallization
temperature zone. This makes it possible to prevent a situa-
tion in which the neck 101 is overheated.

In the third step, the third power that drives the third infra-
red heaters 200-3 and 200-4 (see FIG. 11) may be reduced on
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the downstream side in the transfer direction as compared to
the upstream side in the transfer direction. In the example
illustrated in FIG. 10, the power that drives the upstream-side
third infrared heaters 200-3 is set to 55% of full power, and the
power that drives the downstream-side third infrared heaters
200-4 is set to 50% of full power. It is possible to maintain the
temperature of the neck 101 within the crystallization tem-
perature zone by reducing the power on the downstream side
in the transfer direction to maintain the temperature increase
rate (see FIG. 10), or decrease the temperature increase rate.
This makes it possible to prevent a situation in which the neck
101 is overheated in the third step. In the third step, the third
infrared heaters may be divided into three or more groups
instead of dividing the third infrared heaters into the groups
200-3 and 200-4.

When the time in which a plurality of preforms 100 pass by
the infrared heaters 200-1 is referred to as T1, and the time in
which a plurality of preforms 100 pass by each of the infrared
heaters 200-2 to 200-4 is referred to as T2, T1>T2 may be
satisfied. When a plurality of preforms 100 are continuously
transferred, for example, the difference between the time T1
and the time T2 corresponds to the difference in length
between the heating zones. In FIG. 11, the heating zones
corresponding to the infrared heaters 200-1 to 200-4 have an
identical length. The heating time in each heating zone can be
changed by changing the length of each heating zone. When
intermittently transferring a plurality of preforms 100, the
heating time in each heating zone can also be changed by
changing the length of each heating zone. For example, when
the time T1 corresponds to three steps of continuous transfer,
the time T2 may be set to two steps of continuous transfer. It
is unnecessary to use an infrared heater that achieves a very
high temperature rise rate when increasing the temperature of
the neck 101 from room temperature to a temperature that
exceeds 100° C. by increasing the time T1 of the first step. If
the time T1 of the first step is shorter than the time T2, the
second step may be adversely affected by rapid heating in the
first step, so that it may be difficult to maintain the tempera-
ture of the neck 101 within the crystallization temperature
zone, or it may take time until the temperature of the neck 101
reaches the crystallization temperature zone.

The temperature TC of the core 110 is also illustrated in
FIG. 11. FIG. 11 illustrates an example in which the core 110
is preheated at a position between the positions P1 and P2
before the core 110 is inserted into the neck 101. Specifically,
the neck crystallization method may further include a step
that preheats the core 110 before inserting the core 110 into
the neck 101.

In the first step (see FIG. 11), infrared radiation from the
infrared heater 140 is applied to the core 110 via the neck 101,
but the temperature of the core 110 decreases due to contact
with the neck 101 that is set at room temperature. In the first
step or the subsequent non-heating step (at the start timing of
the second step), the temperature of the core 110 is substan-
tially equal to the surface temperature of the neck 101. Spe-
cifically, the first step or the subsequent non-heating step is
performed until the temperature of the outer side of the neck
101 becomes substantially equal to the temperature of the
inner side of the neck 101. In the second step, the temperature
increase rate of the core 110 is low since the core 110 has a
larger heat capacity than the neck 101. However, since the
temperature TC of the core 110 gradually increases along
with an increase in the surface temperature TS of the neck 101
of'the preform 100, the difference in temperature between the
inner side and the outer side of the neck 101 is within a given
range. Note that the step that preheats the core 110 is not an
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essential step, but has an advantage in that the time of'the first
step can be reduced by preheating the core 110.

Although only some embodiments of the invention have
been described in detail above, those skilled in the art would
readily appreciate that many modifications are possible in the
embodiments without materially departing from the novel
teachings and advantages of the invention. Accordingly, such
modifications are intended to be included within the scope of
the invention. Any term cited with a different term having a
broader meaning or the same meaning at least once in the
specification and the drawings can be replaced by the differ-
ent term in any place in the specification and the drawings.

Although the invention has been described using specific
terms, devices, and/or methods, such description is for illus-
trative purposes of the preferred embodiment(s) only.
Changes may be made to the preferred embodiment(s) by
those of ordinary skill in the art without departing from the
scope of the present invention, which is set forth in the fol-
lowing claims. In addition, it should be understood that
aspects of the preferred embodiment(s) generally may be
interchanged in whole or in part.

What is claimed is:

1. A preform neck crystallization method that crystallizes a
neck of'a preform that includes the neck, a body, and a bottom,
the method comprising:

inserting a core into the neck;

heating the neck using a heater group disposed along a
transfer direction while rotating the preform on its axis,
and transferring the preform along the transfer direction
in a state in which the core is inserted into the neck; and

cooling the neck of the preform in a state in which the core
is inserted into the neck,

the heating of the neck including:

afirst step that drives first heaters within the heater group at
afirst power to heat the neck to a temperature lower than
acrystallization temperature zone, the first heaters being
positioned on an upstream side in the transfer direction;
and

a second step that drives second heaters within the heater
group at a second power that is lower than the first power
until a temperature of the neck reaches a crystallization
temperature zone, the second heaters being positioned
on a downstream side of the first heaters.

2. A preform neck crystallization method that crystallizes a
neck of'a preform that includes the neck, a body, and a bottom,
the method comprising:

inserting a core into the neck;

heating the neck using a heater group disposed along a
transfer direction while rotating the preform on its axis,
and transferring the preform along the transfer direction
in a state in which the core is inserted into the neck; and

cooling the neck of the preform in a state in which the core
is inserted into the neck,

the heating of the neck including:

afirst step that drives first heaters within the heater group at
a first power, the first heaters being positioned on an
upstream side in the transfer direction;

a second step that drives second heaters within the heater
group at a second power that is lower than the first power
until a temperature of the neck reaches a crystallization
temperature zone, the second heaters being positioned
on a downstream side of the first heaters; and

a step that is provided between the first step and the second
step, and transfers the preform without heating.

3. The preform neck crystallization method as defined in

claim 1, further comprising:
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a third step that drives third heaters within the heater group
at a third power that is lower than the second power to
maintain the temperature of the neck within the crystal-
lization temperature zone, the third heaters being posi-
tioned on a downstream side of the second heaters.

4. The preform neck crystallization method as defined in

claim 3,

the third step including reducing the third power that drives
the third heaters on a downstream side in the transfer
direction compared to an upstream side in the transfer
direction.

5. The preform neck crystallization method as defined in

claim 1, further comprising:

preheating the core before inserting the core into the neck.

6. The preform neck crystallization method as defined in

claim 1,

the preform being used to mold a wide-neck container that
is configured so that a top side of the neck is sealed by a
cap that is fitted to the neck,

the neck including:

a neck tubular section;

an engagement section that is formed to protrude outward
from the neck tubular section, and engages the cap; and

a flange that is formed to protrude outward from the neck
tubular section at the top side, a protrusion height of the
flange from the neck tubular section being smaller than
that of the engagement section,

the top side of the neck including a first top side formed by
the neck tubular section, and a second top side formed by
the flange that is the same height level with the first top
side and increases an area of the top side of neck, and

a thickness of the flange being smaller than that of the neck
tubular section.

7. The preform neck crystallization method as defined in

claim 6,

the flange having an opposite side that is opposite to the
second top side, and the second top side having a higher
resin density than that of the opposite side.

8. The preform neck crystallization method as defined in

claim 1,

the preform being used to mold a wide-neck container that
is configured so that a top side of the neck is sealed by a
cap that is fitted to the neck,

the neck including:

a neck tubular section;

an engagement section that is formed to protrude outward
from the neck tubular section, and engages the cap; and

a ring-shaped recess that is formed in the neck tubular
section at a height position closer to the body than the
engagement section.

9. The preform neck crystallization method as defined in

claim 6,

the engagement section including N (N is an integer equal
to or larger than 2) threads, the N threads being respec-
tively provided in N segmented areas into which the
neck tubular section is divided in a circumferential
direction, and being respectively formed in the N seg-
mented areas within a range of less than 360°/N.

10. The preform neck crystallization method as defined in

claim 9,

each of the N threads extending from a start point that is
positioned at a first height in an axial direction of the
neck tubular section to an end point that is positioned at
a second height in the axial direction of the neck tubular
section so that each of the N threads slopes upward
toward the top side of the neck.
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